
UJ 
< 



Q 

Q 
< 

X 



11 



c/» jfj q; 

F. > S S£ y 

if^ S UU 

UJ H o 3F or 



00 

o. 



^ •—I 



O 

'CI 13 



o 
o 
o 

CO 



C 

O 
J3 



O 
l>3 



col 00 V? 



Mis 



o 

«o 



c3 



CO 



CO 



> 

O <4-i 



C/l 

x: 



ol I SI 1 

r* I I N L _ 



C4 



a 2 



CO 

1 



o 
> 

O 
to 



S5 



CO 



C 2 ^ 



C3 



b cu CO 



CO 



00 



— < colxj-looloo 




o 

m 
W 
III 
in 
=P 
m 
m 

a 
=g 
Q 

o 




0\ 



a 



^ ^. ^ 



oSo 



00 

5 




f2 Hi P 

& ^ c 
2 B 



CO CP c>j 



O 



I3 

m 
m 
m 

m 
ill 

Oi 

o 



3 
<0 
CD 

Q. 

(/) 



o 
o 



o 
o 



o 

o 
o 



2 



o 
o 

♦2 



o 
♦2 



o 
o 



o 

8 

T 



o 
o 



1 



1 1 



8 



o 
o 



o 
o 

*§ 

o 
o 



o 
o 



o 

To 

o 



♦2 

o 



•I 



•I 

o 

§ 



s 



o 



s 

o 



♦2 



o 
o 

♦2 



o 
o 



♦2 



it" 



1 



& C- S2 V.- - 
_' 



I 



0X0 



t 

C4 



8 _t_ 



cc 










c 

u- w c 
c ui 
o 

o 



u 

m 
m 
m 

m 
m 

a 
=p 

0 

=p 

13 



00 



O 
O 



CO 
O 
X 
O 

VI 



m 
O 
X 
o 

CO 



X 

o 



O 



SI'S 

•a 



V) 



w S> c 
^ o o 

•if 



C/5 

o 

•I 



8 



■5 
o 



CO 



o 



•sl 



00 



C 

o 



CO 



o 



CO 



O 
N 



P 45 



o 

o o "2 o 



o x> 



i3 



vO 
X 

o 

CO 

Til 



8 



O 

plo 

i5 .ti 



S5 

o 



CO 

o 

X 

o 

i3 



iUl**-' 

►TSI^ •^1«0 t^IUj 



o 

in 
o 



lOl o 



O 

CtL. 

□o, 



-_rl J2 
»^ o o 

61 H 



1 



o 



W5| 



CO 



CO Oj C 
R ^ O 

^ o o 
S H 

—4 1 1 rj- 



X) 
O 

Si 
o 



*2 o O 
o ^ 



B 



CO 



CO 

a 



0\ 

fa 

X 

o 
xi 

o 
c 

o 

CO 



o 



X 

o 



O 

a 
a 

« ^ to 



ICS 

a -8 

to -5 

q a 



CO 

*o 



O 

t 

t/> c<» 



o 

■«-> 

Xi 

o 
c 

o 

CO 

♦—4 

O 

■I 

CO 



VO 

to 
o o 

CO ' 

I JD 

^\ o 

43 



JD 

S tS 

to -3 



Xi 

-s 

c 

4) 

•a 

CO 

o 

t 

CO 



col 

o 



(/3 



Otlo 



CO 




Frequency (MHz) 


PSD Limit (dBm/Hz) 


0.015 <f<= 1.7 


-140 


1.7<f<=3.5 


-140 + (f- 1.7)*50.0/1.8 


3.5<f<=4.0 


-90 + (f-3.5)*i7.0 


4.0<f<7.0 


-7L5 


7,0<=f<=73 


-81.5 


7.3 <f< 10.0 


-71.5 


10.0 <=f< 13.0 


-81.5-(f-10.0)*43.5/3.0 


13.0 <=f< 25.0 


-125 


25.0 <sf< 30^0 





Wit 



Frequency Range 


Maximum Peak- 


(MHz) 


to-Peaklnterferer 




Level (Volts) 


0.01 -O.l 


6.0 


0.1-0.6 


3.3 


0.6-1.7 


1,0 


1.7-4.0 


0,1 


7.0-7.3 


0.1 


10.0-10.15 


0,1 


14.0 - 14.35 


0,28 


18.068-18.168 


0.5 


21.0-21.45 


0.5 


24.89 - 24.99 


0.5 


28.0-29.7 


0.5 




Frequency Range 


Maximum Peak- 


(MHz) 


to-Peaklnterferer 




Level (Volts) 


0.01-0.1 


20.0 


0.1-0.6 


20,0 


0.6 - 1.7 


10,0 


1.7-4.0 


2,5 


7.0-7.3 


2.5 


10.0-10.15 


2,5 


14.0 - 14.35 


5,0 


18.068-18.168 


5,0 


21.0-21.45 


5.0 


24.89 - 24.99 


5.0 


28.0-29.7 


5.0 



1 r requency Kange 


IVfin. TtTiDfidance 1 




(Ohms) 1 


1 U < I <— U.Zo-? 


I I M 


1 U.Zoj < t <= Z.OJ 


100 k 


1 o oc ^ c ^ oo c 
1 Z.CD < I <= Zo.3 


10 k 


1 28.5<r<=9D 


4 0k 


1 95<f<=190 


1 O A Ir I 
1 Z.U K 1 


1 190 < f <= 285 


1 \ A \r \ 


285 < f <= 380 


1 1 n Ir 

j l.U K 1 


1 380 < f <= 475 


1 R^rt I 


p 475 < r <= 570 


700 


i 570 < r <= 665 


600 


b 665 < f <= 760 


1 ^9^ 1 


t 760 < f <= 855 


1 A^C\ 


;| 855<f<=950 


1 ACV\ 

\ ^^J\J \ 


I 950 <f<= 1000 


\ OCA 1 


1 1000 <f<= 1400 


1 I Id I 


1 1400 < f <= 2300 


1 1 AA 1 
1 \ 


k 2300 <f<:= 2850 


1 CA 1 

1 


M 2850 <f<:= 3085 


i O C i 

1 1 


1 3085 <f<= 3725 


1 I 


3725 <f<= 3935 


25 


3935 <f<= 4000 


1 50 1 


10000 <f<= 10450 


1 1 


10450 < f <= 10925 


25 


1 10925 <f<= 13125 


10 


13125 <f<= 14175 


25 


14175 <f<= 16800 


50 


1 16800 <f<= 21000 


100 


21000 <f<= 30000 


1 50 1 
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Meamag 



DestinaUon Address 



Source Address 



0x886c (Link Control Frame) 



Number of additional octets in the control header, starting with the 
SS Version field and ending with the second(last) octet of the Next 
Ethertype field. The minimum value of SSLength is 8 for SSVersion 0, 



Operation code for this control message. 



Number of bands specified in this control Each band has a two octet 
descriptor. The first band refers to 2 MBaud modulation rate, the next 
to4MBaud. 

NumBands shall be 1 or 2 on transmission for 10M8 stations, and 
stations shall ignore band entries beyond Band2 on receive if 
NumBands is larger than 2. The value 0 is not allowed, 



Number of addresses specified in the payload of this control message* 
NumAddr may be zero. The S A in the Ethernet header is always used, 
and is referred to in the following sections as Ref AddrO, 



2MBaud, 7 MHz carrier : The PE value that should be used to send data 
when the 2MBaud band is selected. (L,8) are the only valid values. The 
value 8 is used to request HPN A 1 ,0 type frames, and is valid only 
when the network is operating in VlM2mode, and only in Bandl. 



The rank order of the ReqD As* preference for tWs band, 
i is highest preference, and the other bands are assigned successively 
larger rank values, no two bands shall have the same rank 



^^Q^fejap^ 
whiefrth^ rates are b(iVng s^ifi 
address.^" --^/^'''^^.■.y -/^^^ • ' 

OptionaL Present if NuitjAddf -^^-^aThe third.KlAG AddresS^^ 
the f^tes are being specified! 



(addifipiSal instances of RfefAddr^ until tfie number of Ref^ddr j^dd^ 
cqiiats NuxnAddr] \ • "'''^ . ^ v ... ' 



=0, 



To rea^ch minPrameSize if required 



Frame Check Sequence 



PE 


Data Rate 


1 Meamng 


0 


N/A 


M^ns this band is Not Supported 


I 


4 Mbit/s 


2 Mbaud FDO AM, I ws. per baud 


2 


6Mbit/s 


2 Mbaud FDOAM, 3 bits per Baud 


3 


8 Mbit/s 


2 Mbaud FDOAM, 4 bits per Baud 


4 


10 Mbit/s 


2 Mbaud FDOAM, 5 bits per Baud 


1 ^ 


12 Mbit/s 


2 Mbaud FDOAM. 6 bits per Baud 


6 


14 Mbit/s 


1 2 Mbaud FDOAM, 7 bits per Baud 


17 


16 Mbit/s 


2 Mbaud FDOAM, 8 bits per Baud 


8 


1 Mbit/s 


HPNA 1.0 


9 


8Mbtt/s 


1 A \AV\tntA OAM 2 bits OCT Baud 


10 


12 Mbit/s 


j 4 Mbaud OAM, 3 bits per Baud 


t 


16 Mbit/s 


4 Mbaud OAM, 4 bits per Baud 


12 


20 Mbit/s 


4 Mbaud OAM, 5 bits per Baud 


1 


24 Mbit/s 


1 4 Mbaud OAM, 6 bits per Baud 


14 - 


28 Mbit/s 


1 4 Mbaud OAM, 7 bits per Baud 


15 


32 Mbit/s 


1 4 Mbaud 0/iM, 8 bits per Baud 



Opcode 


Meaning 


0 


Rate Change Request 


1 


Rate Test Request 


2 


Rate Test Reply 


3-255 


Reserved 



band specification 

r 


A Payload Encoding (PE) and Rank associated with a given band, A band 
is a single combination of baud rate, modulation type (e.g. QAM or 
FDQAM) and carrier frequency. Two bands are defined in 'V/M/.^ \/2. 


Logical channel, channel 


A flow of frames from a sender to one or more receivers on a single 
network segment, consisting of all the frames with a single combination of 
DA andSA, 


Receiver 


A station that receives frames sent on a particular channel If the 
destination is a umcast address there is at most one receiver* If the 
destination is a group address (including broadcast), there may be many 
receivers. 


Receiver PE 


The preferred PE to be used on this channel, as determined by the receiver. 


IfcRCF 


Rate Request Control Frame. Sent from the receiver to the sender to effect 
a change in PE- 




The S A in the Ethernet header of the RRC3F frame. This is the DA of the 
receiver (for the channel), and is always used by the channel sender as the 
first Ref Addr processed. 


SRefAddrl.,RefAddr<n> 


Other addresses including Broadcast and Multicast addresses for which the 
receiver is indicating rate information to the sender. The channel 
receiver's station address (RefAddrO) should not be out in the \\%x of 
additional Ref Addr^ 

Notel: At least one RefAddr field is necessary to support rate negotiation 
for Broadcast and Multicast addresses since these cannot be used as the 
source address in the Ethernet header. 


Sender 


The sending station for a channel, usually the station owning the source 
MAC address. 


Sender PE 


The preferred PE associated with a channel, as noted by the sender. 



Receive any non-broadcast frame or link indication 



> Receive a frame with DA = Broadcast (OxFFFFFFFFFFFF) - Set SAl = SA 



Rcceivea frame with DA — Broadcast (OxFFFFFFFFFF^ 



Timeout of 1 second free-running timer - Send LICF, reinitialize Force JSend 

Timeout - If Force JSend == 0 then Send LICF, reinit Force_Send else decrement Force JSend 





DOWN 




UPO 


UP-RX 


UPl 


UP2 


SbdveLOGok 
to<£cadoa or any non- 
broadcast frame 


UP-RX 
(none) 


(itonc) : 


UP-RX 
(node) , . 


UP-RX 

(none) ' - r \ 


UPl 
(none) 


UP2 
(none). 


Reca ve broadcast 
ftame with SAs=: SAl 


UPl 

SctSAl<-SA ' 


UPl 

SctSAi<-SA ' 


UPl 


UPl 

SctSAl<:<SA''^'. 


UPl 
(nohe) 


UP2 

(none) ; - 


Rccdve broadcast 
fnune with SA!= SAl 


UPl 

SctSAl<-SA 


UPl 

Set SAI<^A-> 


UPl 

Sct5Alfe-$A - . 


UPl 

SctSAft^!^^ 


Nativc:UP2 
Conipat: UPl 
(none) \ % 


UP2 
(hone). 


Hmcoutand 
Foicc.S«id = 0 


DOWN 

Send UCF, reinit 
E%rcc_Scnd 


DOWN 

Send UCF, reinit 
Forcc^Scnd 


UP-1 

ScndUqr.rdnit 
Forcc„Scid 


UPO 

Scad UGp,, reinit 
Forcc.S^d : 


UPO 

Send LICF, reinit 
Forcc^Send 


UPO 

SendU(:F,r«nit 
Force Send 


Timeout and 
Porcc^Scnd > 0 


DOWN 

Send UCF, reinit 
Forcc_Send 


DOWN 

Send UCF, reinit 
F6rcc.Send 


UP-I 

Send Uq% reinit 
Force Send 


UPO 

Send UCF, reinit 
Force Send "'' 


UPO 

Send UCF. rdnit 
Fopoe^Send 


UPO 

decrement 
Force^Send 



Field 


Length 


Meaniag 


DA 


6 octets 


Destination Address (FF J^J7F.FF,FF-FF) 


SA 


6 octets 


Source Address of the station that transmitted this frame 


Ethettype 


2octet 


0x886c (Link Control Frame) 


SStype 


1 octet 


=3 


SSLength 


1 octet 


Number of additional octets in the control header, starting with 
the SSVersion field and ending with the second (last) octet of 
the Next Ethertype field. Minimum is 32 for SSVersion 0 


SSVersion 


I octet 


=0 


CSAJD_Space 


1 octet 


Identifies the registration space of CS A_MFR_ID 
0 - Unspecified 

1- JEDEC 

2 - PCI ; 


jJjCSAJi/IFRJD 


2 octets 


HW manufacturer ED - Identifies the manufacturer of the PHY 
controller chip- The purpose of this field plus the part number 
and revision is to identify specific implementations of the PHY 
specification. This is not a board or assembly-level identifier. 


= :CSA_Part_No 


2 octets 


HW Manufacturer Part Number - The part number of the PHY 
controller chip. 


5 CSAJRev 


1 octet 


HW Revision 


;i CSAjOpcode 


1 octet 


0 - Announce 
I -Request 


j= CSAJvTTU 


2 octets 


Maximum size link-level PDU this receiver accepts in octets, 
the default value is 1526 octets. This is also the nunimum value 
that shall be accepted by all lUNEIO stations 


CSAJSA 


6 octets 


Source address of the station that generated this CSA frame 


CSA oad 




Reserved for version 0. Shall be sent as 0. ifflored on receotion. 


CSAJ^urrentTxSet 


4 octets 


Configuration flags, plus all current in-tise status for this station. 


CSAjOldcstTxSet 


4 octets 


A copy of the "oldest" TX flags for tiiis stations, from the period 
ending at least one period(minute) earlier. 


CSAjCurrentRxSet 


4 octets 


The union of recent flags received from other stations. 


Next Ethertype 


2 octets 


=0 


Pad 




Pad to reach minPrameSize if necessary 


FCS 


4 octets 
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TXLL priority 




Currentlnuse Priorities (any) 
a 1 n j y j t 1 X j s j e j t 




Default TX Phy Prioriaes 
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Field 


Length 


Meaning 


DA 


6 octets 


Destination Address (from original Ethernet PDU) 


SA 


6 octets 


Source Address (from original Ethernet PDU) 


Ethertypc 


2 octets 


Ox886c (Link Control Frame) 


SStypc 


I octet 


=4 


SSLcngth 


1 octet 


Number of additional octets in the control header, startmg with the 
SSVersion field and endmg with the second(last) octet of the Next 
P»h<»rtvtv» fip\d *?55Lenffth is 6 for SSVersion 0.=6 


SSVcrsion 


1 octet 


=0 


LARQJidrdata 


3 octets 


LARQ Encapsulation header data (with LARQ_CTL bit = 0) 


Next Ethcrtype 


2 octets 


From original Ethernet PDU 


Payload 


Min 46 octets 


From original Ethernet PDU payload 


FCS 


4 octets 


Frame C^ieck Sequence 



* Octet 


Field 


Length 


Meaning 


pagsO 


LARQ_Mult 


Ibit 


Multiple Retransmission Flag. 0 in the original 
transmission of ? data frame. For retransmitted 
frames (LARQ_Rtx = 1), set to the value of 
LARQ_Mult in the NACX-frame that caused the 
retransmission. This flag can be used by receivers 
to measure the round-trip times associated with ihe 
miss/nack/receivc-rtx process. 




LARCLRtx 


Ibit 


0 for first transnussion of a frame, 1 if frame is 
retransmitted. Stations not implementing LARQ 
shall drop any data frame if this bit is 1. 




LARQ_NoRtx 


Ibit 


0 if implementation supports reuransmission, 1 if 
. only priority is meaningful. May be used on a per- 
channel basis. 




LAR(J_NewScq 


Ibit 


I if the sequence number space for the channel has 
been reset, and older sequence numbers should not 
be nacked, 0 otherwise 




LARQ_Ctl 


Ibit 


"0" when in Encapsulation Format 




Priority 


3 bits 


Unk Layer Priority of this frame 


Flags l_SeqO 


Reserved 


4 bits 


Reserved, shall be 0 . 


LARQ seq high 


4 bits 


ffigh 4 bits of Sequence number 


Seql 


LAR(L.seq low 


8 bits 


Low 8 bits of Sequence number 



ontrol frame 


A frame generated by a LARQ protocol module that contains only a LARQ 
protocol header as its payload. 


Current sequence number 


The most recently received new sequence number for a channel. 


'^afji frame 


Any standard Ethernet frame from higher (than LARQ) protocol layers. A 
LARQ-enabled station encapsulates the original payload of an Ethernet 
frame by inserting a LARQ header (short form control header with 
LARQ_hdr data) between the source address and the remainder of the frame 
before the frame is passed down to the driver for transmission on the 
network. 


Forget timer 


An implementation dependent mechanism to allow a receiver to reset the 
sequence number space of a channel when a received sequence number is 
not the next expected (Current Sequence Number + 1). One second is a 
suggested default value. 


\i<M timer, lost timer 


An implementation dependent timing mechanism that limits the time a 
receiver will hold onto a received frame while waTrng for a missing frame to 
be retransmitted. Conceptually, there is one such timer per missing sequence 
number. The timer interval is Maxitnum Hold Interval. 


logical channel, channel 


A flow of frames from a sender to one or more receivers on a single network 
segment consisting of all the frames with a single combination of destination 
address, source address, and link layer priority. 


N^K,Nack,nack 


An indication from a receiver to a sender requesting retransmission of one or 
more frames. Also, the action of providing such an indication. E.g. "to nack 
a sequence number" meamng to send a NACK indication 


f«K timer 


An implementation dependent timing mechanism used by a receiver to 
retransmit NACKs for missing sequence numbers. Conceptually, there is one 
such timer per missing sequence number per logical channel. The timer is 
reset each time a NACK is sent for a sequence number. The dmer interval is - 
NACK Retransmission Interval 


new 


A new sequence number is one whose difference from the current sequence 
number for the channel, modulo the size of the sequence number space and 
considered as a signed integer, is greater than 0. In particular, the numbers 
(current + 1) through (current + 2047). 


old 


An old sequence number is one whose difference from the current 
sequence number for the channel, modulo the size of the sequence number 
space and considered as a signed integer, is less than or equal to 0. In 
particular, the numbers (current - 2048) through (current) are old. Note, 
. Jjojvever, that most of the old sequence numbers are also out-of-sequence. 



out of sequence 


Any sequence number that falls outside a reasonable range, old or new, of 
the current sequence number for a logical channel is considered out of 
sequence. It is recommended that plus or minus twice the value of 
MaximumSaveLimit (defined below) be used as the "reasonable range" 
when checking for out of sequence. 


receiver 


A station that receives frames sent on a particular channel. If the destination 
address is a unicast address there is at most one receiver. If the destination 
address is a group address (including broadcast), then there may be many 
receivers, 


reminder 


A control frame sent by the channel sender with the most recendy used 
sequence number for a channel which has been inactive for Reminder 
Interval after its most recent data frame. 


i^niinder timer 


An implementation dependent timing mechanism used by a sender to 
generate a reminder frame after a period of inactivity for a channel The 
timer is reset each time a new data frame is transmitted. Conceptually, there 
1^ firw* ^iirh tim^r n^r channftl The timer interval Reminder Interval. 


save timer 


rAn implementation dependent timing mechanism that limits the time a 
sender will save a frame waiting for retransmission requests. The timer 
interval is Maximum Save Interval. 


;iender 


The sending station for a channel, usually the station owning the soiu'ce 
MAC address. 


sequence numbers 


Sequence numbers are maintained separately for each logical channel by the 
sender. 
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Table Index 


Table Value 




(dB) 


0 


0.00 


I 


3.00 


2 


6.00 


3 


9.00 


• 
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12.00 
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15.00 
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t to rvA 

10,00 
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1 Of An 
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1 24,00 


9 


t AA 

27.00 


10 
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39,25 
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42.25 
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51.25 
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54.25 


19 
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60.25 


21 


63.25 
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23 
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24 


72.25 


25 


75.25 


26 


78.25 


27 


81.25 


28 


84.25 


29 


87.25 


30 


90.25 


31 


1 93.25 
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Table Index 


Table Value 


0 


0.00 


1 


6.00 


2 


12.00 


3 


18.00 


4 


24.00 


5 


30.00 


6 


36.00 


7 


42.25 


8 


48.25 


9 


54.25 


10 


60.25 


11 


66.25 


12 


72.25 


13 


78.25 


14 


84.25 


15 


90.25 




Table Index 


Table Value 


0 


0.00 


I 


0.50 
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1.00 


. 3 


150 
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2.00 
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2.25 
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2.75 
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3.25 
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3.50 
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4.00 
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4.25 
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4.50 
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Node A 
Xmit Queue 



NodeB 
Xmit Queue 







PR1=5 


PRI=7 




PRtsO 







NodeC 
Xmit Queue 



PRI=3 



PRI=5 



PRCs.5 



NodeD 
Xmit Queue 



F 



PR1=4 
PRl=5 



HPNA2.0 LAN 



Node A 
Xmit Queue 



NodeB 
Xmit Queue 







> PRI=0 




PR!=5 


> PRI=7 




. PRl=5 



NodeC 
Xmit Queue 



\ 



NodeD 
Xmit Queue 



I 




PRI=:3 




PRI=S 




PRI=5 





PRl=4 



PRt=5 



HPNA2.0 LAN 



DOCSIS 



tkring 




DOCSIS timing 
Information 
exchange messages 
(SYNC packets) 



tt'cnng 
synctwortizatioo 



DOCSIS 
Custocnsf E<v>tpa>eo« 



Z 



oi3 



output 
clock 



HPMA 
MAC 




• 3^^^^ 5^ Gateway 



HPNA2,0tAN 



HPNA timing infomwLtfon 
exi*ange messages 

(TRMpackets) 7^/^ 




cecovcf/ 
docuit 



HPNA 
MAC 



— ► 






cooec 


output 


clock 





/I 




POTS 
line 



F/e.73 



VPSTPERM 



DOmSTBERM 



parameter 


«10E* 
6 

Case 


91% 
Case 


90% 
Case 


"lOE- 
6 

Case 


91% 
Cas 


90% 
Case 


Access delay 


3.1 


1.3 


1,3 


3.1 


1.3 


1-3 


Collision Resolution 


2.7 


2.7 


0.8 


2-7 


2.7 


0.8 


3 up, 1 down 


2.1 


1.0 


1-0 


2.1 


1.0 


1-0 


last up 


0.5 


0.3 


0.3 


0.5 


0.3 


0.3 


Collision Resolution 


0.8 


0.8 


0.8 


0.8 


0.8 


0.8 


3 up, 1 down 


2.1 


1.0 


1.0 


2.1 


1-0 


1.0 


last up 


0.5 


0.3 


0-3 


0-5 


0-3 


0.3 


3 down 








1-5 


0-8 


0.8 


3 down 








1.5 


0.8 


0-8 


Total latency 


11.8 


7.4 


5.5 


14.9 


8-9 


7.1 



lOE-6 case is lOE-6 CRA once of two tries in homes with maximum 
4Mbits/sec raw rate 

91% case is lOE-6 CRA once of two tries in homes with minimum 
lOMbits/sec raw rate 

90% case is lOE-1 CRA twice in two tries in homes with minimum 
lOMbits/sec raw rate 



Values in the table above are in milliseconds* 



Overheads: 



linear 5 nodes 5 nodes 5 nodes 
PCM 



ifq per frame Larq ^tp_h frame CRA lOE- CRA lOE- CRA 

coll hdr hdr dr size 6 1 fixed 



0.0 0.206 
18 



0.07 



40 



160 



13 



mse msec msec Bytes bytes bytes collisio collisic collisi 

c ns ns ons 



Frame header includes preamble, FC, DA, Sh, T/L, EOF 



f/6. 1^ 



UPSTREAM 



DOmSTBERM 



"lOE- 91%" 90% "lOE- 91% 90% 
parameter 6 Case Case 6 Cas Case 
Case Case e 



Access delay 


3. 


1 


1. 


3 


1. 


3 


3.1 


1. 


3 


1. 


3 


Collision Resolution 


0. 


4 


0. 


4 


0. 


4 


0.4 


0. 


4 


0. 


4 


3 up, 1 down 


1. 


4 


0. 


8 


0. 


8 


1.4 


0. 


8 


0. 


8 


last up 


0. 


,5 


0. 


,3 


0. 


,3 


0.5 


0. 


3 


0. 


.3 


Collision Resolution 


0. 


.0 


0. 


.0 


0, 


.0 


0.0 


0. 


,0 


0. 


.0 


3 up, 1 down 


0 


.0 


0 


.0 


0 


.0 


0.0 


0. 


.0 


0. 


.0 


last up 


0 


.0 


0 


.0 


0 


.0 


0.0 


0 


.0 


0 


.0 


3 down 














1.1 


0 


.6 


0 


.6 


3 down 














0.0 


0 


.0 


0 


-0 


Total latency 


5 


.5 


2 


.7 


2 


.7 


6.5 


3 


.3 


3 


.3 



Field 


Lenath 


Meanina 


DA 


octets 


Destination Address 


Sh 


6 

octets 


Source Address 


Ethertype 


o 
z 

octets 


^itsuj — vc/riiM ijinK conuroi rraiue new LXLtX^T^M 
assignment 


Type 


2 

octets 


1 - Times tamp Sync Message 


Length 


2 

octets 


= 4 


Version 


2 

octets 


- 0 


SeqNum 


2 

Qct^is 


Timestarap Sync Message Sequence Number 


Pad 




Any value octet ^ 


FCS 


4 

octets 


Frame Check Sequence 



1 Field 


Lenat 


Meanina 




- 1 





DA 



6 

octet 
s 



Destination Address 



SA 



6 

octet 
s 



Source Address 



Ethertype 



2 

octet 

s 



(TBD) = VOHN Link Control Frame - new IEEE 
assignment 



Type 



2 

octet 
s 



2 = Timestamp Report Message 



Length 



Version 



2 I Number of additional octets in the 

octet I signaling frame, starting with Version 
s I field and ending with the last octet of 

the Data Payload field. Minimum is 2. 



2 

octet 
s 



- 0 



TSMSeqNum 



2 

octet 
s 



Sequence ntamber of TSM to which the 
Timestamp in this message is applicable. 



Timestamp 1 4 I Timestamp of a previously transmitted 

octet 1 Timestamp Report Message, corresponding to 
s I TSMSeqNum. 

Frequency I 2 1 Resolution of the timestamp and Gtimestamp 

octet I fields, in ticks/1. 000ms. For example, 
s lvalue 32768 corresponds to one clock tick 

at 32.768Mh2, in which the LSBit of the 
Timestamp corresponds to a time of 
0.030517578125usec. The Timestamp will 
rollover every 131 seconds =2.2 minutes 



NumGrants 



2 

octet 
s 



Number of Grant Timestamps specified in 
the payload of this control message. 
NumGrants may be zero. Each grant 
timestamp is accompanied by a Line ID and 
Call ID field. Including the Grant 
Timestamp, the total for each grant 
timestamp is 8 bytes > 



Line ID 



octet 
s 



dentifier of the Line termination 
associated with the immediately following 
GTimestamp. 



Call ID 



2 

octet 
s 



Identifier of the call instance on the 
Line termination associated with the 
immediately following GTimestamp. 



GrantTimest 
amp 



4 

octet 
s 



Grant Timestamp corresponding to the 
immediately preceding Line ID. This is 
the time at which the Proxy Gateway wishes 
to receive a future constant bit rate 
service flow packet in order to minimize 
delivery latency to subsequent delivery to 
a synchronous network. The time value 
corresponds to the time at the timing 
master. Additional packets for the 
identified service flow are expected to 
arrive at periodic intervals measured from 
this time. 



additional instances of {Line ID, Call ID, 
Grant Timestamp} field tuples 



Pad 



Any value octet 



FCS 



4 

octet 
s 



Frame Check Sequence 



PIN NAME 


CM-side Function 
(HPNA timing 




Handset Function 
(HPKA timing slave) 


— 


DPLL_REF__CLK 


DPLL input clock 


IN 






Grant [4] 


Grant Present 
Indication 


IN 






Grant [3] 


Grant SID 
Value [3] 


IN 






Grant [2] 


Grant SID 
Value [21 


IN 






Grant [11 


Grant SID 
Value [1] 


IN 






Grant [0] 


Grant SID 
Value [0] 


IN 






VjCLK_OUT 






DPLL output clock 


OUT 


GPI[0] 






Grant Present 
Indication [01 


OUT 


GPItH 






Grant Present 
Indication [11 


OUT 



PIN NAME 



CM-side Function 
(HPNA timing 



Handset Function 
(HPNA timing slave) 



DPLL REF CLK DPLL input clock \ IN 



Grant 141 



Grant [3] 



Grant Present 
Indication 



IN 



Grant SID 
Value [3] 



IN 



Grant [2] 



Grant SID 
Value [2] 



IN 



Grant (13 



Grant 10] 



V CLK OUT 



Grant SID 
Value tl] 



Grant SID 
Value [0] 



IN 



IN 



DPLL output clock 



OOT 



Frame [0] 



Frame I 11 



Frame boundary 
marke r [0] 

Frame boundary 
marker tH 



cnof input f «xn software, ratered and biased 
by software 

SNOOP.BUS 



Pin^Resel, 




_^J^^ 32-b{t register 
NCOJt^ 



25MHz 
MACJXX 



REGISTEFL8US REGISTER^BUS 



fixed X8 
muttipOer 



Tin 



32-bct adder 

REF.CIX \ ^ -r 

upto \ T 

*200MH2 1 ag^bftreolster 



. PCIjCtK 



TS_RST 

Pi(\_Fteset 




5 



32-bit register 



TIMESTAMP ,MCJ 



JOOT 

MUX F[ RSGtSTBUBUS ,^ 



0PLL_REFJCU< 

PCLCLK 



REGtSTEFLBUS 



i 



4Mfeglster / 
SiojSeLECT ^ 



36// 



J 



ICPU.RO 



PijV.Reset. 



yl TS <XK 



032.768 MHz) 



0& ! F wux T K - 



PCLCtK 
TSJCLK 



GRANrjnME 



Km 



Nt^i I MC ^- — X \^ -» 




32-bltreflisler en 

FOOrSTAMP 



I REGlSTER.euS 



T 



4n 



REGtSTEfV-eUS 



TS 



sync 



R)eStG 
end of 
reambte? 



tr^MASTER 



latched output to latched output to RX status word 
software 



PIN NAME 


CM- side Function 
(HPNA timing 




Handset Function 
(HPKA timing slave) 




DPLL_REF_CLK 


Timestamp input 
clock 


IN 


Timestamp input 
clock 




Grant [4] 


Grant Present 
Indication 


IN 


NA 




Grant [3] 


Grant SID 
Value [3] 


IN 


NA 




Grant [2] 


Grant SID 
Value [2] 


IN 


NA 




Grant [1] 


Grant SID 
Value tl] 


IN 


NA 




Grant to ] 


Grant SID 
Value [0] 


IN 


NA 





Bit 

^ocat^ons 


Field 

neiiis 


Description 


7-3 


Reserved 




2 


TsReset 


When set to 1, forces timestamp register 
to value of 0x00000000. When set to 0, 
allows timestamp register to increment by 
one tor eacn detectea UrLL Kht llk rising 
edge. 


1 


SGrant 


When set to 1, causes timestamp to be 
latched into, txTimeStampHigh and 
txTimeStampLow registers whenever the 
value of tscSID matches the value of input 
pins Grant [3:0] and Grant [4] is asserted. 
When set to 0, disables txTimeStampHigh 
and txTimeStampLow latching under the 
stated conditions. 


0 


TMn<;1"pr 

J. i ICl O L« 0 1. 


Whpn ci^ii- f-n 1 pn;5b1 p*5 t'^TiTTiPstr^mDHi oh snd 
txTimestampLow registers to be latched 
with timestamp values at times determined 
by frame transmissions (through the LTS 
descriptor bit) or grant events (through 
the sGrant descriptor bit) • When set to 
0, enables txTimestampHigh and 
txTimestampLow registers to be latched 
with timestamp values at times determined 
by txTimeStampHigh and txTimeStampLow 
register read accesses. 


Default value of this register is 0x05 p /^T ^^3^ 


Bit 

location 53 


Field 

niillll! 


Description 


7-4 


Reserved 




3-0 


SID 


SID value that is to be matched by 
Grant [3:0] pins in order to cause a grant 
timestamp value to be latched. When the 
Grant [3:0] pins match the SID value and 
the Grant [4] input is 1 and the sGrant 
register bit is 1, then the current 
timestamp value will be latched into the 
txTimeStampHigh and txTimeStampLow 
registers. 



Default value of this register is 0x00 



Bit 


Field name 


Description 


15-0 


txTimeStampL 
ow 


Least significant 16 bits of the 
latched tx timestamp value 



Default value of this register is undefined. 



Bit 

locations 


Field name 


Description 


15-0 


txTimeStampH 
igh 


Most significant 16 bits of the 
latched tx timestamp value 


Default value of this regi 


.ster is undefined • t"* , /Oo 


Bit 

locations 


Field name 


Description 


15-0 


r xT ime S t ampL 
ow 


Least significant 16 bits of the 
latched rx timestamp value 



Default value of this register is undefined. 



Bit 


Field name 


Description 


15-0 


rxTimeStampH 
igh 


Most significant 16 bits of the 
latched rx timestamp value 


Default value of this regi 


Lster is undefined. 



DPLL Output Jitter 
TS=24.576MHz, TRM=:1.0sec. Ig=0,9. ig=0.1, tgoo.d=0.95, 

mj_clev=1ppm 



8.00E-06 

6.00E-06 

4,00E-06 

o" 2.00E-06 
o 

O.OOE+OO 

o 

S -2.00E-06 
-4,00E-06 
-6,00E-06 
-8.00E-06 









mm. 



iiiiiiiiiibtiiiiiir 



^)00 



1 


171 






^^^^ 















DPLL Output Jitter 



time (sec) 

DPLL Output Jitter 
TS=24.576MHz, TRM=1,0sec, lg=0.9. ig=0.1. tgood=0,95. 

mj_dev=0ppm 



6.00E-08 

4,00E-08 

^ 2.00E-08 
o 
o 

'T O.OOE+00 
-2,O0E-O8 
-4.00E-08 
-6.00E-08 




POOO 



time (sec) 



DPLL Output Jitter 




Field 


Lenath 


Meanina 


DA 


6 

octets 


Destination Address (FF. FF. FF, FF. FF. FF) 




a 

octets 


Ov^UJ.^^ iVwlV^ JL c o O 


Ethertype 


2 

octets 


0x886c {HPNA Link Control Frame) 


SSType 


1 octet 


= TBD 


SSLength 


1 octet 


Number of additional octets in the 
control header, starting with the 
SSVersion field and ending with the 
second (last) octet of the Next 
Ethertype field, Minimxim is 16 • 


SSVersion 


1 octet 


= 0 


TRM__type 


1 octet 


Value of xOO means that this is a TRM 
containing a valid timestamp. . Value of 
xOl means that the master does not have 
a valid clock and slaves should give 
local indication that they are no 
longer locked to a master reference. 
Value of x80 means that this is a TQM, 
Value of x81 means that this is a TSM. 
All other values are reserved. 


TRMSeqNum 


2 

octets 


Timestamp Report Message Sequence 
Number for this message. Sequence 
number of xOOOO indicates an initial 
TRM, implying that Timestamp and 
PrevTRMSeqNum are both invalid. 


PrevTRMSeqNu 
m 


2 

octets 


Sequence number of TRM to which the 
Timestamp in this message is 
applicable. The value of PrevTRMSeqNum 
is not necessarily equal to TElMSeqNum 
minus one. PrevTRMSeqNum is set to 
xOOOO for the first TRM of a TRM pair. 



Field 


Lenath 


Meanina 


Timestamp 


4 

octets 


Timestamp of a previously transmitted 
Timestamp Report Message, corresponding 
to PrevTE^SeqNum- The LSBit of the 
Timestamp corresponds to a time of 
0.030517578125/^sec = one clock tick at 
32.7 68MHz. The Timestamp will rollover 
every 131 seconds = 2.2 minutes. 


NumSlots 


1 octet 


Number of Slot Timestamps specified in 
the payload of this control message. 
NumSlots may be zero. Each Slot 
Timestamp is accompanied by a MACAddr, 
and Channel^ID field. Including the 
Slot Timestamp, each Slot Timestamp is 
12 bytes long. 


PAD_0 


3 

octets 


Padding to align to a 32-bit boundary. 
Always present, even when NimiSlots has 
the value of .0. 


MACAddr 


6 

octets 


MAC Address associated with the 
immediately following Channel_ID and - 
STimestamp. 


Channel_ID 


2 

octets 


Identifier for a channel associated 
with the immediately preceding MACAddr - 


STimestamp 


4 

octets 


Slot Timestamp corresponding to the 
immediately preceding Channel_ID. This 
is the time at which the TE^ sender 
wishes to receive a future constant bit 
rate service flow packet in order to 
minimize overall latency of delivery to 
a synchronous network. The time value 
corresponds to the time at the timing 
master. Additional packets for the 
identified service flow are expected to 
arrive at periodic intervals measured 
from this time. The LSBit of the 
STimestamp corresponds to a time of 
0.030517578125/isec ^ one clock tick at 
32.768MHz. 


MACAddr 


6 

octets 


MAC Address associated with the 
immediately following Channel-ID and 
STimestamp. 


Channel_ID 


2 

octets 


Identifier for a channel associated 
with the immediately following 
Channel_ID and STimestamp. 



Field 


Lenath 


Meanlna 


ST ime stamp 


4 

octets 


Slot Timestamp corresponding to the 
immediately preceding Channel_ID, This 
is the time at which the TRM sender 
wishes to receive a future constant bit 
rate service flow packet in order to 
minimize overall latency of delivery to 
a synchronous network. Additional 
packets for the identified service flow 
are expecueci to arrive au perioaxu 
intervals measured from this time- The 
LSBit of the STimestamp corresponds to 
a time of 0,030517578125Msec = one 
clock tick at 32.768 MHz, 


1 « • « 




[additional instances of MACAddr, 
Channel_ID and Gtimestamp fields, until 
the nxomber of Gtimestamp fields equals 
NumGrants] 


jNext 

j Ethertype 


2 

octets 


= 0 


Pad 


max 
(0,44- 
SSLengt 
h 

octets 


Any value octet 


FCS 


4 

octets 





Field 


Lenath 


Meanina 


DA 


6 

octets 


Destination Address (FF. FF. FF, FF, FF. FF) 


SA 


6 


Source Address 


+- £i "r* \7r^o 

unei. u y pti 


o 

octets 


0x8 8 6c (HPNA Link Control Frame) 


SSType 


1 octet 


= 6 






Number of additional octets in the 
control header, starting with the 
SSVersion field and ending with the 
second (last) octet of the Next Ethertype 
field* Minimum is 4. 


oovej. sion 




— u 


TRM_type 


1 octet 


Value of x80 means that this is a TQM. 


Next 

Ethertype 


2 

octets 


= 0 


Pad 


MIN(0,4 
0- 

SSLengt 
h) 

octets 


Any value octet 


FCS 


4 

octets 





Field 


Lenath 


Meanina 


DA 


6 

octets 


Destination Address (FF, FF. FF. FF. FF, FF) 


SA 


6 

octets 


Source Address 


Ethertype 


2 

octets 


0x88 6c (HPNA Link Control Frame) 


SSType 


1 octet 


= 6 


SSLength 


1 octet 


Number of additional octets in the 
control header, starting with the 
SSVersion field and ending with the 
second (last) octet of the Next Ethertype 
field. Minimiim is 4. 


SSVersion 


1 octet 


= 0 


TRM type 


1 octet 


Value of x8r means that this is a TSM. 


Next 

Ethertype 


2 

octets 


- 0 


Pad 


MIN(0,4 
0- 

SSLengt 
h) 

octets 


Any value octet 


FCS 


4 

octets 
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Octet 



Field 



Lengt 
h 



Description 



Flags 
0 



TxPriority? 



Station is (was) transmitting 
frames with LL priority 7. 
(always set) 



TxPriority6 



Station is (was) transmitting 
frames with LL priority 6. 



TxPriority5 



Station is (was) transmitting 
frames with LL priority 5. 



TXPriority4 



Station is (was) transmitting 
frames with LL priority 4. 



TxPriority3 



Station is (was) transmitting 
frames with LL priority 3. 



TxPriority2 



TxPriorityl 



Station is (was) transmitting 
frames with LL priority 2. 



Station is (was) transmitting 
frames with LL priority 1* 



TxPriorityO 



Station is (was) transmitting 
frames with LL priority 0. 
(always set) 



Flags 
1 



Reserved 



Shall be sent as 0 and ignored 
by 2.0 stations when received* 



CSS_Master_Capab | 1 
ility 



This station is capable of 
operating as a CSS Master 
node. 



No V1M2 Frames 



This station does not support 
the reception or transmission 
of compatibility frames (V1M2 
frames) . 



Supports 4Mbaud 1 



This station supports 4 
megabaud payload encodings, 



Flags 
2 



Reserved 



Shall be sent as 0 and ignored 
by 2.0 stations when received. 



Flags 
3 



ConfigV2 



Force use of 10M8 mode, defers 
to Configl and ConfigVlMs. 



ConfigVlM2 



Force use of HPNA V1M2 mixed 
mode, defers to ConfigVl. 



Octet 


Field 


Lengt 
h 


Description 




ConfigVl 


1 


Force use of HPNA l,x mode, 
highest precedence of config 
flags . 




Reserved 


2 


Shall be sent as 0 and ignored 
by 2.0 stations when received. 




Highest Version 


3 


This station' s highest 
supported HPNA version: 
0x000 — Reserved 
0x001 ~ HPNA 1.0 
0x010 — HPNA 2.0 
0x001-0x111 Reserved 



Field 


Lenat 
1 


Meanina 


CSEType 


octet 


XOO = signifies a CSS Extension type 


CSELength 


octet 


X08 = Number of additional octets in this 
CSEType. CSELength is always x08 for 
CSEType = xOO = CSS 


CSS_MAC 


6 

octet 
s 


MAC address of client station 


CSS_SEQ 


2 

octet 
s 


CSS sequence^ 8 two-bit values 
concatenated: 0-2 indicate a specific 
signaling slot, while 3 indicates the use 
of a randomly selected value chosen by the 
client at the time of the collision. 
XOOOO - xBFFF = assigned CSS_SEQ value for 
the node possessing the MAC address 
specified in CSS_MAC 
XCOOO - xFEFF = reserved 
XFFOO = indication by the client node 
specified by CSS_MAC that it is no longer 
an active sender of link layer priority 6 
frames (equivalent to a ^^0 active 
channels" indication) 

XFFOl - xFFFE = request by the client node 
specified by CSS_MAC for a CSS Sequence 
from the master node. The 8 Least 
significant bits indicate the number of 
active channels which are sending link 
layer. 

priority 6 frames for this client. 
XFFFF - reserved 



2-bit CSS register value 


Signal slot integer (decimal) 


00 


0 


01 


1 


10 


2 


11 


Random in range [0,2] 
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